Background: Several studies have reported positive efficacy outcomes for patients with inflammatory bowel disease treated with CT-P13, an infliximab biosimilar. Data from followup periods longer than 1 year are still scarce. Here, we assessed the long-term efficacy data, loss of response and safety after switching from infliximab to CT-P13 in patients with inflammatory bowel disease. Methods: This was a prospective single-center observational study involving patients with moderate-to-severe Crohn's disease and ulcerative colitis switched from infliximab to CT-P13 treatment and reviewed up to 24 months. Efficacy and loss of response were measured using the Harvey-Bradshaw (HB) index and partial Mayo score for patients with Crohn's disease and ulcerative colitis respectively. C-reactive protein, infliximab drug levels, adverse events and antidrug antibodies were also monitored throughout the study. Results: A total of 64 patients with Crohn's disease and 36 patients with ulcerative colitis were included. Most of them (72%) remained on CT-P13. Overall, 28% of patients discontinued the therapy due to loss of response, adverse events or long-lasting clinical remission. Remission at 18 and 24 months occurred in 69.9% and 68.5% of patients, respectively. Dose increase was performed in 22% of patients, with remission being reached in 60% of them. HB index, partial Mayo score, C-reactive protein and infliximab drug levels did not show significant changes. Serious adverse events were reported in 14% of patients. Overall, two patients developed low levels of antidrug antibodies. Conclusions: Most of the patients switching from original infliximab were maintained on CT-P13 at 2 years of follow up with a good profile of efficacy and safety.
Introduction
Infliximab (IFX) was the first monoclonal antibody against tumor necrosis factor alpha (TNF-α) approved by the United States Food and Drug Administration (US FDA) and European Medicines Agency (EMA) for the treatment of Crohn's disease (CD) and ulcerative colitis (UC), almost two decades ago. 1, 2 Despite an undoubted efficacy of these biological products in achieving remission, [3] [4] [5] [6] these agents are much more expensive than traditional treatments and have a considerable burden on the national health system. The expiration of the patent of certain anti-TNF agents (e.g. IFX branded as Remicade ® and adalimumab branded as Humira ® ) has triggered the development of biosimilars.
The introduction of the new concept of 'biosimilar therapy' is reducing the financial burden on patient care, making this treatment more accessible. 7, 8 However, there is debate about its effectiveness in inflammatory bowel disease (IBD), because the approval for the biosimilar therapy is derived from clinical trials in rheumatological diseases (PLANETRA and PLANETA studies). 9, 10 In 2013, the EMA approved the first IFX biosimilar, CT-P13 (Remsima ® and Inflectra ® ), for the same indications as the original product, including IBD, based on the extrapolation of results. 11, 12 Since then, most medical societies around the world have issued position statements regarding the use of biosimilars for IBD, supporting the efficacy and safety of CT-P13 in both naïve and switched patients based on results from published observational studies. 13, 14 The European Crohn's Colitis Organization (ECCO) published a position statement on the use of biosimilars for IBD in December 2016: 'when a biosimilar product is registered in the European Union, it is considered to be as efficacious as the reference product when its use is in accordance with the information provided in the Summary of Product Characteristics'. 15 The British Society of Gastroenterology recommended the maintenance of pharmacovigilance for this new biological product. 16 All published observational post-marketing IBD studies have reported positive efficacy outcomes for patients with CD and UC treated with CT-P13, irrespective of prior anti-TNF treatment. [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] However, data about the efficacy and safety for follow-up periods longer than 1 year are limited. We have previously presented our 1-year follow-up results. 27 Here, we present our 24-month follow-up results and describe an observational study in a real-life cohort assessing the efficacy and safety when switching from the IFX reference product (RP) to CT-P13 in patients with IBD.
Methods

Study design
This was a prospective observational study conducted at the Virgen Macarena University Hospital (Seville, Spain) from 2015 to 2017. The study was approved by the Research Ethics Committee of Virgen Macarena University Hospital, Seville, Spain (SAP-INF-2015), and was conducted following good clinical practice guidelines. All study participants, or their legal guardian, provided informed written consent prior to study enrollment. Follow-up parameters after the switch were prospectively recorded using a specific inflammatory unit database in the hospital.
Patients analysis
The cohort included all patients with a previous diagnosis of moderate-to-severe CD or UC, whose treatment was switched from original IFX (Remicade ® ) to CT-P13 in March 2015 and had completed 24 months of follow up. Therefore, 100 patients were included in this study. The switch was done because of financial reasons.
We recorded the Montreal classification status as well as previous and concomitant therapies for all patients before enrollment. All patients received intravenous premedication as usual in our unit prior to the IFX therapy (corticosteroids and antihistamines).
The primary endpoint was to analyze the loss of response to IFX after switching. When at least one of the following was present, a loss of response was considered: Harvey-Bradshaw (HB) index >4 for CD, partial Mayo score >2 for UC, steroid use or surgery related to the activity of the disease, IFX dose increase during the follow up. For patients with CD and UC who were in remission at the time of the switch, remission was considered to be sustained if the HB index was ⩽4 and the partial Mayo score was ⩽2 after switching, respectively, without the need for steroids, surgery, or dosage increase. For those patients who were not in remission at the time of the switch, remission was considered to be achieved if a HB index was ⩽4 (patients with CD) or a partial Mayo score was ⩽2 (patients with UC).
Medication changes during follow up were allowed at the discretion of the treating physician and were registered in a database. Medication journals.sagepub.com/home/tag 3 changes in most of the patients were based on clinical symptoms and not on IFX drug levels (because drug monitoring could be done only after the first year of treatment with CT-P13). Adverse events (AEs) from the first infusion of CT-P13 till the end of the study were recorded according to the requirements of the Office of Human Research Protection.
IFX trough levels
We measured the IFX serum level and antidrug antibodies (ADAs) before the IFX infusion, using an enzyme-linked immunosorbent assay using Progenika kits (PROMONITOR ® , Progenika Biopharma, Spain) from 2016 onwards. We included only patients who remained on CT-P13 for 12 months after the switch, because theses kits were introduced in our hospital in 2016. IFX levels between 3.0 and 7.0 µg/ml were considered to be in the therapeutic range, as shown in the TAXIT 28 study.
Statistical analysis
Demographic and nominal results were reported in percentages and frequencies. Numerical results were reported as the mean and standard deviation in cases of normal distribution, and as the median and interquartile range (IQR) in cases of skewed distribution. The Cochrane's Q test and the Friedman test were used to analyze the evolution of the clinical scores (HB index and partial Mayo score), the CRP values and the IFX serum drug levels. Confidence intervals (CIs) were calculated at 95% and a p value of 0.05 was used as the statistical significance level.
Patients who discontinued treatment due to AEs, remission/mucosa healing within 6 months after the switch and those who changed treatment for other medical indication were excluded from the efficacy analysis (n = 8). The data of this study were analyzed by protocol. The analysis was performed using SPSS 25 (IBM Corporation).
Results
Baseline characteristics
A total of 100 patients with IBD (64 with CD and 36 with UC) were included. Of these, 51 were men (51%) and 49 were women (49%) with a median age of 41 (32-50) years. The principal characteristics of the patients are shown in Table 1 .
Global analysis
Most patients (72%) remained on CT-P13 during the 2 years of follow up. A total of 28% of them discontinued the therapy due to a loss of response (15%), AEs (4%) or clinical remission (8%). A patient in clinical remission was changed to another anti-TNF therapy because he developed episcleritis ( Figure 1 ). Of the eight patients who discontinued therapy due to clinical remission, five (UC) had histological healing confirmed by colonoscopy, and for the remaining three (CD) the decision to discontinue therapy was based on clinical remission.
At the beginning of the study, 78% (78/100) of patients were in remission. At 12, 18 and 24 months, 69.6% (65/93), 69.9% (65/93) and 68.5% (63/92) of them were still in remission respectively (p = 0.038).
Patients who lost response had a median (range) disease duration of 11 years (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) , and previous RP treatment of 46 months (3-71). Finally, the median time of discontinuation was 15 months (8-24).
A total of 22% of the patients (16 CD and 6 UC), needed to have their dose increased during the 2 years of follow up. Overall, two patients were in clinical remission, one had severe activity as detected by small bowel magnetic resonance imaging, and another one had severe arthralgia of rheumatological etiology. After the dose increase, 60% of patients (13/22) were in remission. The CT-P13 dose was reduced in 9% of the patients who were in remission.
CD group
The median time of the disease before starting the follow up was 10.5 years (IQR: [6] [7] [8] [9] [10] [11] [12] [13] [14] . The median duration of ongoing IFX RP treatment at the beginning of the study was 70 months (43-85).
There was concomitant thiopurine use by 42.2% of the patients during the follow up.
At 2 years of follow up, 16/64 (25%) patients discontinued the CT-P13 due to the following reasons: 15.6% (n = 10) loss of response, 4.7% (n = 3) clinical remission, 3.1% (n = 2) AEs and Figure 1 .
UC group
The median duration of the disease before starting follow up was 9.5 years (IQR: 6-13). The median duration of ongoing IFX original treatment at the beginning of the study was 50 (22-75) months. Before starting the follow up, 51% of the patients had used concomitant thiopurines. The main pathology at diagnosis was proctitis in 36.1% of the cases, with a moderate severity in 47.2% of the patients. A concomitant use of thiopurines during the follow up occurred in 36.1% of the patients.
At 2 years of follow up, 12/36 (33.33%) patients discontinued the CT-P13 due to the following reasons: 13.9% (n = 5) loss of response, 13.9% (n = 5) remission evidenced by mucosal healing and 5.6% (n = 2) due to AE. Patient withdrawals are shown in Figure 1 .
Efficacy CD group.
At the beginning of the study, 79.7% (51/64) of the patients with CD were in remission. Regarding the patients, who continued using CT-P13 after the switch, 67.7% (42/62), 67.7% (42/62), and 65.6% (40/61) were in remission at 12, 18 and 24 months, respectively (p = 0.027; Figure 2 ). During the follow up, 16 out of 64 patients (25%) needed an increase of the CT-P13 dose and 62.5% (10/16) reached remission. After 24 months of follow up, 50 out of 61 patients (82%) were in remission.
Of the 51 patients who were in remission at the time of the switch, 74% (37/50), 76% (38/50), and 75.5% (37/49) remained in remission at 12, 18 and 24 months, respectively (p = <0.001).
Overall, seven patients needed to have their dose increased to achieve remission again.
The HB index did not show significant changes over 24 months; the median HB index (95% CI) was: 1 (1-3), 2 (1-4), 1 (1-2), 1 (1-2) at baseline, 12, 18 and 24 months respectively (p = 0.128; Figure 3 ). IFX drug levels. No significant changes in the median IFX drug level (95% CI) were observed in patients with CD over the same period [3.2 µg/ml (1-6.6), 3.6 µg/ml (1.2-6.8), 4.8 µg/ml (1.6-6.3)] at 12, 18 and 24 months (p = 0.792). Similarly, no significant changes were found in the median IFX drug level (95% CI) in patients with UC during follow up [6.5 µg/ml (1.9-13.4), 4.8 µg/ml (1.2-13.4), 4 µg/ml (2.8-8.8)] at 12, 18 and 24 months respectively (p = 0.590).
Safety
In 14 (14%) patients the following AEs were observed: 1 skin reaction, 1 asthenia, 2 headaches, 2 paresthesias during infusion, 1 Sweet's syndrome, 1 polyarthralgia, 1 vaginal infection, 1 Herpes simplex infection, 1 candida infection, 1 psoriasis case, and 2 palpitations cases. In this group, four patients discontinued treatment because of these AEs. A total of six patients had a hospital admission: one patient because of a cerebrovascular accident and five because of a flare of disease. Overall, three out of this last group of five patients needed surgical intervention (two CD, one UC), and the other two were discharged from hospital on steroids.
IFX levels
At 12 months after the switch, the results of IFX levels were obtained in 75 patients: 44% of the patients had normal IFX levels, 30.7% had low IFX levels and 25.3% had high levels. Overall, two patients with CD developed ADAs during the follow up over 18 months, one discontinued treatment due to remission, and one was changed to adalimumab. Figure 6 shows the median IFX drug levels (95% CI) in patients who completed 24 months of follow up (n = 51).
Discussion
We have previously reported the results of our cohort of patients, whose IFX treatment was switched after a 6 and 12-month follow-up period. 24, 27 In the present study, we report our results during the second year of follow up. Remarkably, there are few reports about longterm follow up of patients who switched to an IFX biosimilar. 28, 29 Smits and colleagues 28 in a recently published study with 2 years of follow up, observed that 66% of patients who switched to CT-P13 remained on the therapy, 25% needed a dose increase, and 12% discontinued the therapy due to a loss of response. Høivik and colleagues 29 included 143 patients, who were switched from the original IFX to CT-P13 and were followed prospectively for 18 months; 91% of the patients remained on CT-P13 and 10 patients discontinued the CT-P13.
In our study, with a median disease time of 10 years, and prior treatment with the original IFX RP for 58 months, 72% of patients remained with the IFX biosimilar after the switch from the RP. The remission after switching was 68.5% at 24 months; 15% of patients discontinued the therapy due to loss of response. Our results are in line with the findings reported by Smits 28 and Høivik 29 and with historic data about IFX RP. [30] [31] [32] [33] The present data indicate a statistically significant global loss of remission at the 2-year follow up (10%). These values are consistent with the ones in the literature since the incidence of loss of response varies between 10-20% and 13-30% 3,29-31 depending on the clinical trial and clinical practices. The annual risk of loss of response was suggested to be around 13-15% patients/year. 34 When we analyzed each disease separately, patients with UC showed a significant decrease in the median of the partial Mayo score at 18 and 24 months compared with baseline. However, the majority of patients who were on clinical remission did not show changes from baseline to 24 months. In patients with CD, there was a significant change in remission during follow up, and loss of response occurred in 14.1% of patients. Høivik and colleagues 29 showed that the loss of remission in patients with CD was greater than 12% without statistical significance. In the NOR-SWITCH trial, 25 disease deterioration happened more frequently in patients with CD (36.5%) who were switched to an IFX biosimilar at 52 weeks of follow up, without statistically significant difference. It should be kept in mind that the NOR-SWITCH trial was not powered to assess changes within each indication, and so these results must be interpreted with caution.
In the 26-week open-label NOR-SWITCH EXTENSION trial 35 safety and immunogenicity were assessed between a CT-P13 treated group throughout the 78-week study period (maintenance group) and a group that switched from IFX original to CT-P13 at week 52 (switch group). Overall, disease deterioration occurred in 16.8% of patients in the maintenance group and in 11.6% in the switch group. In CD, disease deterioration occurred in 20.6% and 11.1% of patients, whereas in the case of UC it was observed in 15.4% and 5.1% of the cases in the maintenance and switch group, respectively. 35 Our results are in line with this reported rate of loss of response. We believe that this is due to the heterogeneous cohort of patients, with a median of previous treatment close to 5 years. Therefore, the loss of response cannot be attributed to the medication alone. In addition, 30.7% of the patients in our cohort had low IFX levels during the follow up, and that could explain this loss of response. However, we could not perform an analysis based on IFX levels, as the changes of the IFX doses were based on clinical symptoms.
In the current study, AEs occurred in 14% of the cases, and 5.6% of the patients discontinued treatment because of the AEs. These findings are in agreement with the results of other studies showing a rate of AEs between 10-20%. 36, 37 Overall, two patients with CD developed ADAs during the follow up over 18 months; one of the two discontinued the treatment because of remission, and the other one changed to adalimumab. These observations are in line with comparable switch studies. Smits 28 and colleagues reported two new cases of ADAs in the first year of follow up. Høivik 29 and colleagues reported 5.6% ADAs during the follow up; six patients developed transient ADAs at low levels, without clinical significance, and two others developed ADAs at moderate levels and discontinued the therapy.
In addition, when compared with the cost of the original IFX in Spain in 2015, the overall cost savings with the switch to CT-P13 were €3000 per patient per year.
Our study has some limitations. First, the study sample was heterogeneous with a median time of previous treatment of 58 months. It is known that the longer the same treatment lasts, the greater the chances of developing a loss of response are. In fact, only 66% patients had the standard IFX dose at the beginning of the study. Other additional limitations were that we could not measure fecal calprotectin as a biomarker of relapse because we did not have the technique available in our hospital, and we could not measure IFX levels during the first year after the switch. IFX levels measurement was introduced in our unit since 2016, and fecal calprotectin in 2017. This is the reason we could not compare IFX levels during the follow up.
Despite the already discussed limitations, this study provides valuable data regarding the longterm efficacy of CT-P13 treatment after switching from the original IFX and demonstrates that most of the patients maintained the therapy with a good profile of efficacy and safety after 2 years of follow up.
